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EpilepsyNonconvulsive status epilepticus (NCSE) is common in patients with coma with a prevalence between 5% and 48%.
Patients in deep comamay exhibit epileptiform EEG patterns, such as generalized periodic spikes, and there is an on-
going debate about the relationship of these patterns and NCSE. The purposes of this review are (i) to discuss the var-
iousEEGpatterns found in coma, itsﬂuctuations, and transitions and (ii) to proposemodiﬁed criteria forNCSE in coma.
Classical coma patterns such as diffuse polymorphic delta activity, spindle coma, alpha/theta coma, low output
voltage, or burst suppression do not reﬂect NCSE. Any ictal patterns with a typical spatiotemporal evolution or
epileptiform discharges faster than 2.5 Hz in a comatose patient reﬂect nonconvulsive seizures or NCSE and
should be treated. Generalized periodic diacharges or lateralized periodic discharges (GPDs/LPDs) with a
frequency of less than 2.5 Hz or rhythmic discharges (RDs) faster than 0.5 Hz are the borderland of NCSE in
coma. In these cases, at least one of the additional criteria is needed to diagnose NCSE (a) subtle clinical ictal
phenomena, (b) typical spatiotemporal evolution, or (c) response to antiepileptic drug treatment. There is
currently no consensus about how long these patterns must be present to qualify for NCSE, and the distinction
from nonconvulsive seizures in patients with critical illness or in comatose patients seems arbitrary.
The Salzburg Consensus Criteria for NCSE [1] have been modiﬁed according to the Standardized Terminology of
the American Clinical Neurophysiology Society [2] and validated in three different cohorts, with a sensitivity of
97.2%, a speciﬁcity of 95.9%, and a diagnostic accuracy of 96.3% in patients with clinical signs of NCSE. Their
diagnostic utility in different cohorts with patients in deep coma has to be studied in the future.
This article is part of a Special Issue entitled “Status Epilepticus”.
© 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Consciousness is maintained through the integrity of the ascending
reticular system, the thalamus and its cortical connections, and the
temporolimbic system. Structural or functional impairment of the as-
cending reticular system, either directly or indirectly, leads to profound
disturbances of quantitative consciousness or coma. The various EEG
patterns in coma correlate with the degree of impairment of conscious-
ness and the depth of coma [3,4] and have been used for several decades
to prognosticate the outcome of coma. However, the characteristic
EEG patterns are by no means speciﬁc for the etiology of coma [5–10].
Its causes encompass a wide range of etiologies, such as supratentorial
or infratentorial space occupying lesions, toxic/metabolic causes,
infections, or inﬂammatory causes, brain trauma, stroke, and hypoxic–
ischemic brain injury after cardiopulmonary arrest (CPA) [3]. As anParacelsus Medical University,
43 662 4483 3001; fax: +43
. This is an open access article underexample, a burst suppression pattern may be caused by intoxication
with barbiturates or by hypoxic brain injury. While the former is
completely reversible, for example, with anesthesia, the latter may
lead almost invariably to death, persistent vegetative state, or minimal
conscious state. Thus, the prognosis of coma is to the largest extent
dependent on its cause and not its depth. It is well recognized that
there are often epileptic causes of coma: generalized tonic–clonic sei-
zures are followed by a short and transient phase of postictal coma
[11]. More prolonged phases of a decreased level of consciousness are
found with various types of nonconvulsive SE (NCSE) [12,13], such as
complex focal SE (or SE with impaired consciousness), but they rarely
reach deeper stages of coma, especially in patients with a previous epi-
lepsy diagnosis. In case of prolonged refractory and super-refractory
SE, the patient is deeply comatose as a rule, with only minormotor phe-
nomena, or even complete absence of clinical signs of SE. The causes of
SE are largely overlapping with the causes of coma, but the epileptic ac-
tivity may lead to an additional disturbance of consciousness, a deeper
stage of coma, and, potentially, also to additional brain damage [14].
In a recently published ILAE proposal, status epilepticus (SE) is
deﬁned as “Status epilepticus is a condition resulting either from thethe CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig. 1. Cartoon depicting the similarities of EEG patterns in absence status and generalized
periodic discharges in the comatose patients (from 22, Fig. 3).
204 E. Trinka, M. Leitinger / Epilepsy & Behavior 49 (2015) 203–222failure of the mechanisms responsible for seizure termination or from
the initiation of mechanisms, which lead to abnormally, prolonged sei-
zures (after time point t1). It is a condition, which can have long-term
consequences (after time point t2), including neuronal death, neuronal
injury, and alteration of neuronal networks, depending on the type
and duration of seizures”. Like seizures, SE too is a clinically deﬁned
event, and its EEG correlates are conﬁrmatory in most cases, but thedegree of unresp
NCSE proper 
AS in IGE
Late AS de novo
Atypical AS
Focal SE with impaired
consciousness,
Aura continua, 
Status aphasicus
Str
Epileptic brain dysfunction
good progno
Fig. 2. The relationship of the depth of coma and the contribution of the epileptic activity durin
status epilepticus, EPC: epilepsia partialis continua, GPDs: generalized periodic discharges, IGE:
status epilepticus.EEG may also be normal or non-speciﬁc (without ictal discharges) in
other forms of SE, such as in aura continua. While clinical recognition
of convulsive forms of SE is not difﬁcult, the diagnosis of NCSE is not
straightforward. Nonconvulsive status epilepticus encompasses a wide
range of conditions with “reduced or altered consciousness, behavioral,
vegetative, or merely subjective symptoms, such as auras, but without
major convulsive movements” [15]. When ictal manifestations of
NCSE are mild or nonspeciﬁc, such as in delirium or confusional states
[11], or purely subjective [16], or the patient is in deeper stages of
coma, the diagnosis cannot bemade reliablywithout EEG [14]. In refrac-
tory (or advanced) convulsive status epilepticus, the patients' condition
evolve into a comatose or subcomatose state with only subtle or hardly
discernible clinical phenomena [13,17–20]. Treiman et al. coined the
term “subtle SE” for this condition to emphasize the electroclinical dis-
sociation with decreasing motor phenomena and ongoing ictal EEG ac-
tivity [20]. In these cases, the EEG conﬁrms the clinical diagnosis of
NCSE. The two extremes of the spectrum of NCSE have been beautifully
described by Fujikawa as “TheWalkingWounded and the Ictally Coma-
tose” [21], givingwords to Niedermeyer'smetaphor of the Janus head of
NCSE (Fig. 1) [22]. On one end of the spectrum is absence SE or focal SE
with only mild impairment of consciousness; on the other end are the
comatose forms of NCSE, such as “subtle” SE, or the deeply comatose pa-
tients with epileptiform EEG discharges. Bauer and Trinka [14] have
discussed the relationship between the degree of impairment of con-
sciousness, down to the level of coma, the structural pathology of the
underlying etiology, and the contribution of the functional impairment
caused (or reﬂected) by the ictal discharges (Fig. 2). They suggested the
terms NCSE-proper, summarizing absence SE, focal SE with or with im-
pairment of consciousness, aphasic SE, and aura continua and
comatose-NCSE, where the patient is deeply comatose and only mild
motor phenomena, such as epileptic nystagmus, mild myoclonus, or un-
equivocal ictal EEG discharges, allow the positive diagnosis. Patients in
deep coma, with epileptiform EEG discharges, but without a clear ictal
evolution and no response to treatment were classiﬁed as having coma
with lateralized epileptiform discharges or coma with generalized epi-
leptiform discharges (coma-LEDs and coma-GEDs, respectively) [14].
In this review, we will follow this classiﬁcation and adopt the new
standardized terminology (Table 1); hence, we call these conditions
coma with lateralized periodic discharges (coma-LPDs) and coma with
generalized periodic discharges (coma-GPDs); both can be summarizedonsiveness
Comatose NSCE
Acute symptomatic
focal SE +/- EPC
Subtle SE
Coma with GPD
Coma with LPD
uctural brain damage
sis poor
g nonconvulsive status epilepticus (modiﬁed from 14, Fig. 11). Abbreviations: AS: absence
idiopathic generalized epilepsy, LPDs: lateralized periodic discharges, NCSE: nonconvulsive
Table 1
Old and new terms of EEG patterns in the patientswith critical illness,modiﬁed according to the 2012 version of theAmericanClinical Neurophysiology Society's StandardizedCritical Care
EEG Terminology [2].
Commonly used terminology New terminology
Triphasic waves (TWs) Continuous 2/s GPDs with triphasic morphology
Periodic lateralized epileptiform discharges (PLEDs) Lateralized periodic discharges (LPDs)
Bilateral periodic epileptiform discharges (BiPLEDs) Bilateral periodic discharges (BPDs)
Generalized periodic epileptiform discharges (GPEDs) Generalized periodic discharges (PDs)
Frontal intermittent rhythmic delta activity (FIRDA) Occasional frontally predominant brief 2/s generalized rhythmic delta activity
Stimulus-induced rhythmic, periodic, or ictal discharges (SIRPIDs) with focal evolving
rhythmic delta activity
Stimulus-induced-evolving lateralized rhythmic delta activity (SI-evolving LRDA)
Lateralized seizure, delta frequency range Evolving lateralized rhythmic delta activity (LRDA)
Semirhythmic delta Quasi RDA
Coma with lateralized epileptiform discharges (coma-LEDs) [14] Coma with lateralized periodic discharges (coma-LPDs)
Coma with generalized epileptiform discharges (coma-GEDs) Coma with generalized periodic discharges (coma-GPDs)
Fp2 – F4  
F4 – C4  
C4 – P4  
P4 – O2  
Fp1 – F3  
F3 – C3  
C3 – P3  
P3 – O1  
Fp2 – F8  
F8 – T4 
T4 – T6  
T6 – O2  
Fp1 – F7 
F7 – T3   
T3 – T5  
T5 – O1  
ECG
Fig. 3.Woman, 54 years of age; mild drowsiness; posterior reversible encephalopathy syndrome; TC 01, HF 70: frontal intermittent rhythmic delta activity.
Fp2 – C4 
C4 – O2  
Fp2  – T4
T4 – O2  
Fp1 – C3  
C3 – O1  
Fp1 – T3 
T3 – O1  
ECG
Fig. 4.Man, 66 years of age. Coma after cardiorespiratory arrest; TC 1.0, HF 70. Machine-like generalized 1/s (poly)spikes and waves. Outcome: died.
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Fp2 – C4 
C4 – O2 
Fp2 – T4
T4 – O2 
Fp1 – C3 
C3 – O1
Fp1 – T3 
T3 – O1
Fig. 5.Woman, 83 years of age. Coma after cardiorespiratory arrest; TC 1.0, HF 70: periodic generalized discharges with intermittent brief (b2 s) periods of amplitude depression and
intermingled frequencies in the alpha and the theta range. Died two days later.
206 E. Trinka, M. Leitinger / Epilepsy & Behavior 49 (2015) 203–222as coma-PDs. In the new SE classiﬁcation, coma with epileptiform EEG
patterns is not included as deﬁnite SE but listed separately as “boundary
condition” (or “currently undetermined condition”) to make clear that
there is a considerable degree of uncertainty, whether this represents
true SE, or an epiphenomenal activity of a severely damaged or dying
brain. In our current understanding, the border between comatose-
NCSE and coma-PDs is difﬁcult to draw. Many authors argue against
the inclusion of coma-EDs into the realm of epilepsy mainly due to the
poor prognosis, its underlying cause, or both. For the clinicians, the
discussion is far more than a nosologic, academic discussion about
classiﬁcation; these patients have to be treated, and their EEG has to
be interpreted in the clinical context. Despite the ongoing debate
about the classiﬁcation of coma-EDs, the clinician has to answer the fol-
lowing questions [14]: (1) Is the coma caused by SE or by the underlying
brain condition itself?; (2) To what degree does the epileptic activityFig. 6.Man, 33 years of age. Atypical absence status in late-onset (16 years) Lennox–Gastaut syn
slow waves with triphasic appearance. Recovered after 3 weeks.contribute to thedepthof coma?; (3)Does the ongoingepileptic activity
worsen the prognosis?; and (4) Shouldwe treat all epileptiform activity
found in comatose patients?
This review aims to (i) summarize the EEG patterns in coma which
represent SE, to further delineate the borders between comatose forms
of NCSE and coma-EDs and (ii) to propose modiﬁed EEG criteria for SE
in coma.2. Deﬁnition of terms
(a) Consciousness exists, but it resists deﬁnition [23]. For operational
purposes, it can be deﬁned as state of awareness of self and the
environment. It can be examined by the patient's response to ex-
ternal stimuli and preservedmemory. It depends on the integritydrome. Obtunded, withdrawn, inadequate reaction for 3 weeks. Continuous 2/s sharp and
207E. Trinka, M. Leitinger / Epilepsy & Behavior 49 (2015) 203–222of the ascending reticular formation, the temporolimbic system,
and the corticosubcortical connections [3,14].
(b) Coma is deﬁned as unarousable unresponsiveness in which
the subject lies with eyes closed [24]. The diagnosis is depen-
dent on neurological examination showing loss of conscious-
ness and signs of disturbed brainstem function. Coma has
to be differentiated from confusional states with impairment
of consciousness, which can be SE by itself [25], or observedFig. 7. (a–i): woman, 89 years of age. Nonresponsive, ongoing chewing-likemovements. Hemip
LEV: 2000, VPA: 2000 — failed to respond due to general bad condition (many comorbiditie
ﬂuctuating intervals between the discharges. Flat periods with 0.5- to 2-second duration. Outcduring the development of coma (e.g., in transtentorial
herniation or infratentorial lesions) [24]. Coma is a transient
condition that either evolves to death, vegetative state
(apallic syndrome), minimal conscious state, or conscious
wakefulness.
(c) Nonconvulsive status epilepticus is an epileptic condition with
reduced or altered consciousness and behavioral, vegetative, or
merely subjective symptoms, such as auras, but without majorlegia L due to remote largemedia territory infarction. IVMDZ: 5mg. In hospital: LZP: 4mg,
s), no escalation of treatment. Lateralized periodic discharges left temporoparietal with
ome: died.
Fig. 7 (continued).
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[15]).
(d) Comatose-NCSE is a condition inwhich comamaybe accompanied
by continuous or periodic epileptiform or rhythmic discharges
with or without minor motor activity (modiﬁed after [14]).
(e) Coma-PD is a condition with deep coma without motor activity
accompanied by epileptiform or rhythmic EEG discharges,
which can be coma with lateralized periodic discharges (coma-
LPDs) or coma with generalized periodic discharges (coma-
GPDs) (modiﬁed after [14]).(f) The EEG terminology is used according to [1–4]. See also
Table 1.3. EEG patterns in comatose patients
The EEG patterns in coma correlate with the depth of coma and
the clinical examination. In mild disturbances of consciousness, diffuse
alterations with decrease in alpha and increase in theta and delta activ-
ities prevail; more characteristic patterns come with deeper stages of
Fig. 7 (continued).
209E. Trinka, M. Leitinger / Epilepsy & Behavior 49 (2015) 203–222somnolence, spoor, and coma. Faster activities at this stage are most
often due to benzodiazepines and barbiturates.3.1. Intermittent rhythmic delta activity
Intermittent rhythmic delta activity occurring most often over
the frontal regions, occasionally also posteriorly, is found inmore su-
perﬁcial stages of coma (i.e., obtundation, somnolence, and sopor)
and deep midline lesions affecting the thalamocortical projections[3,26–30]. Theymay also be found in patients with epilepsy but clearly
do not represent an ictal pattern [31] (Fig. 3).
3.2. Prolonged bursts of slow-wave activity
Prolonged bursts of slow-wave activity can occur in a variety of
etiologies in deeper stages of coma [3,32–35]. They are most often dif-
fuse but can also be lateralized without any spatiotemporal evolution.
Reactivity to external stimuli indicates a better prognosis than very
slow (b1 Hz) unreactive patterns [4].
Fig. 7 (continued).
210 E. Trinka, M. Leitinger / Epilepsy & Behavior 49 (2015) 203–2223.3. Stimulus-induced rhythmic, periodic, or ictal discharges (SIRPIDs)
In comatose patients, ictal-appearing or periodic discharges may be
evoked after any altering stimulus. They are reproducible and often cor-
relatewith the duration of the stimulation [36]. In a series of 33 patients
with SIRPIDs, 21 patients had periodic epileptiform discharges (nine
lateralized), and 18 had rhythmic patterns with evolution that fulﬁlled
criteria for ictal discharges (12 unilateral). Only 8 patients had priorepilepsy, and 24 had acute brain injury [36]. Most of the time, they
occur in deeply comatose patients, but some of them will have clinical
seizures [37]. Only continuous video-EEG recording or meticulous
documentation of any stimulus allows clear identiﬁcation of SIRPIDs,
especially in the noisy environment of an ICU. Because of their close
association with clinical seizures, they should be differentiated from
other EEG reactions to alerting stimuli, which most likely resemble
pathological K-complexes or spindles.
Fig. 7 (continued).
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Generalized periodic and rhythmic discharges are frequently
found in various stages of coma because of a wide range of etiologies
[3,4,30,38,39]. Periodic discharges (PDs) can be deﬁned as waves with
“relatively uniform morphology and duration with a quantiﬁable
interdischarge interval between consecutivewaveforms and recurrence
of the waveform at nearly regular intervals” [2] (Figs. 4, 5). The interval
at which PDs occur is regular and ranges between 0.3 Hz and several
seconds [38]. The discharges have no more than 3 phases (i.e., crosses
the baseline no more than twice) or any waveform lasting 0.5 s or
less, regardless of the number of phases [2]. The discharges can also ap-
pear as spike-and-wave or sharp-and-wave (SW) resembling absence
SE in generalized epilepsy [22,40,41]. In the latter, the impairment of
consciousness is never down to the level of coma (“walking wounded”,
Fig. 6), while in the former, the patients are deeply comatose (“ictally
comatose” or coma ED; Figs. 4, 5). Both EEG patterns do not show spa-
tiotemporal evolution, but absence SE reacts promptly to antiepileptic
drugs, while coma-EDs, especially in hypoxic brain injury, show virtual-
ly no response to any currently available treatments. Rhythmic (delta)
activity (RDA) designates a “repetition of a waveform with relatively
uniform morphology and duration and without an interval between
consecutive waveforms” [2]. Rhythmic (delta) activity is “less than
4 Hz”, and “the duration of one cycle (i.e., the period) of the rhythmic
pattern should vary by less than 50% from the duration of the subse-
quent cycle for the majority (i.e., N50%) of cycle pairs to qualify as
rhythmic” [2]. Generalized PDs may result from severe dysfunction or
disruption of the thalamocortical pathways, the impairment of cortical
inhibitory interneurons, or both. This can be the consequence of
metabolic derangements or ischemia associated with structural brain
damage, with excessive energy demand in NCSE or in intoxications
[4,14,42,43]. The relationships of generalized PDs and NCSE or non-
convulsive seizures have been studied in retrospective series, with in-
conclusive results [42–45]. In a retrospective series of 118 patients
with PDs, about one-third had seizures [42]. In a larger case–control
study of 200 cases with critical illness (56% were comatose) withgeneralized PDs, a total of 46% had a seizure during the hospital stay
(versus 36% of controls), and 22% had NCSE (versus 8% of controls)
[46]. In this study, the EEGpatternswere considered ictal if they showed
a clear evolution in frequency, location, or morphology (Fig. 7).
Nonconvulsive status epilepticus was deﬁned as continuous ictal-
appearing patterns lasting more than 30 min or ictal patterns present
more than 50% of 1 h of EEG with subtle movements (facial twitching
and eye deviation) observed in the video or reported in the chart [46].
In sum, generalized PDs were highly associated with the appearance
of nonconvulsive seizures but not with worse outcome after matching
for age, etiology, and level of consciousness [46].
3.5. Lateralized periodic discharges
Lateralized periodic discharges (LPD; previously periodic lateralized
epileptiform discharges, PLEDs) can occur in a broad range of condi-
tions, inwhich the patient is fully alert [47], such as focal cortical dyspla-
sia, or presents with impaired consciousness [48–57], down to the level
of coma (coma-LPDs) [14,58]. As with other EEG patterns, LPDs can be
found in a variety of etiologieswith cortical pathology (e.g., encephalitis,
stroke, subarachnoidal bleeding, trauma, tumors, cysticercosis, and
intoxication) [59] or subcortical pathology [60]. There is a long-lasting
debate whether they represent an ictal, interictal, or semiictal pattern
[59]. Neuroimaging studies (PET and SPECT) as well as improvement
after treatment argue for the ictal nature of some forms of LPDs
(Fig. 8). In the comatose patients (coma-LPDs), they can appear in the
form of PLED-proper [61,62] and PLED-plus (Fig. 9), with superimposed
faster activity [51], but most often are accompanied by diffuse slowing
or alternating or bilateral independent LPDs (or BiPLEDs) [63–68] or
multifocal LPDs [69].
3.6. Triphasic waves (TWs)
Triphasic waves (TWs) have been regarded as rather speciﬁc for
metabolic (hepatic) causes [70,71] but can be found in coma of any
cause [4,14,72–75]. They are now termed continuous 2-Hz generalized
212 E. Trinka, M. Leitinger / Epilepsy & Behavior 49 (2015) 203–222PDs with triphasic morphology [2]. Generalized sharp waves with
triphasic morphology can be found in Lennox–Gastaut syndrome,
which can be extremely difﬁcult to differentiate from TWs (Fig. 6)
[41,76–78]. Some authors suggested considering NCSE in any patients
who present with altered consciousness or confusional state and
“atypical” TWs. Atypical TWs were deﬁned as “localized or lateralized
sharp waves with triphasic conﬁguration” and considered to be of
epileptogenic origin if they disappeared following AED treatment [79].
In a retrospective study of 87 EEGs of 71 patients with TWs and 27
EEGs of 13 patients with NCSE, the authors found epileptiform
discharges in NCSE of higher frequency (2.4 Hz versus 1.8 Hz), with a
shorter duration of phase one, and more often extraspike componentsFp2 – F4 
F4 – C4 
C4 – P4 
P4 – O2 
Fp1 – F3 
F3 – C3 
C3 – P3 
P3 – O1 
Fp2 – F8 
F8 – T4 
T4 – T6 
T6 – O2 
Fp1 – F7 
F7 – T3  
T3 – T5 
T5 – O1 
ECG
a
b
Fig. 8. (a) Man, 56 years of age, obtunded, no response to verbal stimuli; EEG with laterali
temporoparietal intracerebral bleeding due to rupture of a large arteriovenous malformation
area left temporoparietal, corresponding to the maximum of the negativity of the lateralized p
charges immediately after PET scan (b), before 2-mg lorazepam IV followed by 2000-mg ph
waves left temporoparietal, which disappeared with the following day (e).(69% versus 0%), and less generalized background slowing [75]. There
was also an increase in TWs after noxious stimuli, which was not
present in NCSE [75]. Despite the well-characterized patients in this
study, there were still 31% of the patients with NCSE and TWs without
any spike component. Unfortunately, all proposed criteria to differenti-
ate epileptic TWs from nonepileptic TWs [43,75,79] have not been
validated in prospective studies.
3.7. Burst suppression patterns
Burst suppression patterns (BSs) are only found in deep stages
of coma and some rare childhood encephalopathies (e.g., Ohtaharazed periodic discharges left temporal over T3; (b) right: CT scan and MRI showing left
; left: F18FDG-PET immediately after the EEG recording indicating a focal hypermetabolic
eriodic discharges, arrow (c) EEG recording left temporoparietal lateralized periodic dis-
enytoin IV over 30 min. (d) EEG recording a day after treatment with occasional sharp
Fp2 – F4 
F4 – C4 
C4  – P4
P4 – O2 
Fp1 – F3 
F3 – C3 
C3 – P3 
P3 – O1 
Fp2 – F8 
F8 – T4 
T4 – T6 
T6 – O2 
Fp1 – F7 
F7 – T3  
T3 – T5 
T5 – O1 
ECG
Fp2 – F4  
F4 – C4 
C4 – P4 
P4 – O2 
Fp1 – F3 
F3 – C3 
C3 – P3 
P3 – O1 
Fp2 – F8 
F8 – T4 
T4 – T6 
T6 – O2 
Fp1 – F7 
F7 – T3  
T3 – T5 
T5 – O1 
ECG
c
d
Fig. 8 (continued).
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tern found in deep anesthesia but is now recognized a ﬁngerprint of a
poor prognosis in cerebral hypoxia/anoxia after cardiopulmonary arrest
[4,80]. Burst suppression pattern can also be found in various etiologies
(structural, toxic, and metabolic) or during hypothermia [3,35,81,82].
The pattern consists of periodic high voltage, sharply contoured
waveforms, including spikes and polyspikes, at times with a buildup
or salvos of spikes alternating with periods of severe suppression or
even isoelectricity. The bursts last from less than a second to 10 s or
more, and the period of suppression may be a second to 10 s or much
longer (Fig. 10a, b). The suppression period may have a variable
degree of residual activity of low voltage or is completely isoelectric
[4,35,80,83–86]. Patients are in deep coma, but salvos of myoclonic
jerks in the arms, face, chest, or legs may occur [65,87–89]. Inmany patients, they appear after stimuli [90]. Various patterns of transi-
tions to or from diffuse slow activity, alpha coma, theta coma, low
output voltage, isoelectric EEG, LPD, or GPD have been described
[9,33,81,82,91–95].
3.8. Alpha and theta coma patterns
Alpha and theta coma patterns were initially described as a result of
direct damage of the brainstem due to stroke or tumors but can also be
found in many other etiologies including cerebral hypoxia/anoxia
[4,96–104]. In contrast to the alpha rhythm during wakefulness, the
alpha pattern in coma is diffuse, at times with anterior preponderance
and as a rule not reactive to external stimuli. It must be distinguished
from slow spindles in apallic syndrome (unresponsive wakefulness) or
Fp2 – F4 
F4 – C4 
C4 – P4 
P4 – O2 
Fp1 – F3 
F3 – C3 
C3 – P3 
P3 – O1 
Fp2 – F8 
F8 – T4 
T4 – T6 
T6 – O2 
Fp1 – F7 
F7 – T3  
T3 – T5 
T5 – O1 
ECG
e
Fig. 8 (continued).
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Like other coma patterns, alpha coma and theta coma are transient and
may evolve into low output or isoelectric EEG as an imminent sign of
brain death. There is typically no spatiotemporal evolution, but rarely
ictal activity can emerge from an alpha coma pattern [105].
3.9. Sleep-like EEG patterns in coma
Sleep-like EEG patterns in coma contain spindles, slow activity,
K-complexes, and arousal reactions [3,35,106]. They have been initially
described in brain trauma but can be found also with other etiologies
[107–111] (Fig. 11). Spindles may occur at faster and lower frequencies
than physiologic spindle activity and can be of longer duration than
usual. However, there is no spatiotemporal evolution, which clearly
distinguishes them from ictal rhythmic discharges.
4. Transient ﬂuctuations of EEG patterns in coma
In a standard EEGwith 30-minute duration, various ﬂuctuations can
be found. With continuous EEG (cEEG), these are the rules and not the
exceptions. Amongothers, they are deﬁned asmodiﬁers in the standard-
ized terminology: at least three changes, not more than 1 min apart, in
frequency (by at least 0.5/s), morphology, or changes in location (by at
least 1 standard interelectrode distance) [2]. Whether these ﬂuctuations
are spontaneous or result as reaction to exogenous or endogenous
painful and noxious stimuli is extremely difﬁcult to deﬁne, especially
in the noisy environment of an ICU. There seems to be an association
of ﬂuctuations and a reproducible EEG reactivity, which indicates a bet-
ter prognosis than a static EEG pattern [112]. Fluctuations are per
deﬁnition different from evolving patterns, which represent
electrographic seizures or NCSE and should, therefore, be carefully dis-
tinguished [1,2,113]. The Salzburg Consensus Group has suggested
using the term “possible NCSE” in cases with ﬂuctuating epileptiform
discharges or rhythmic delta activity [1]. Though several authors
[14,114] have discussed the occurrence of ﬂuctuations, there are no
systematic studies, and the proposed deﬁnitions [1,2] have not been
validated yet. The following types of ﬂuctuations in the EEG in coma
have been described [4]: blocking of triphasic-like GPDs combined
with accentuation of superimposed low amplitude frequencies in thealpha range [2], ﬂattening of a theta pattern coma [3], blocking of
theta frequencies superimposed on GPDs [4], blocking of GPDs [5], and
trains of polyspikes in GPDs.5. Transition of EEG patterns in coma
Transitions of EEG patterns refer to a longer-lasting change of the
type of EEG abnormality [4]. They are operationally not deﬁned in the
standardized terminology [2]. We suggest the following deﬁnition: a
change inmorphology (e.g., generalized PDs to rhythmic delta) and Gestalt
(e.g., alpha coma to BS, evolving to nonevolving) of the pattern or a change
in frequency of more than 1 Hz, which is longer apart than a minute. It has
to be emphasized that, even in a 30-minute EEG recording, two ormore
EEG patterns may occur [14]. The transition may occur in both ways:
from a less severe to a more severe pattern and from a severe to a less
severe pattern [95,115]. However, it is clear that the prognosis of the pa-
tients does not change fromminute to minute, and for prognostication,
it has been advised to use repeated recordings on consecutive days
[5–8]. The transition from a nonevolving to an evolving pattern of
generalized or lateralized PDs in coma is regarded as a sign of coma-
tose-NCSE by some authors, irrespective of whether there is any
clinical seizure activity present or not [14]. It has to be emphasized
that transitions have been described with intermittent classical EEG
recordings and not with cEEG.6. Ictal EEG pattern in the comatose patient
The epileptic etiology of a coma, such as the postictal comaafter gen-
eralized tonic–clonic seizures, can be suspected by history, the temporal
pattern, and neurologic examination with progressive improvement of
reactivity and awareness [11]. The differentiation between the ictal
and the postictal period is almost impossible without the EEG and
even difﬁcult with EEG. The EEG exhibits focal, lateralized, or general-
ized EEG pattern, with various transitions [14,116,117]. Persisting
epileptiform discharges were found in 48% of 164 consecutive patients
in whom generalized convulsive status epilepticus was presumably con-
trolled [12]. The authors reported that these patients were “comatose
and showed no overt clinical signs of convulsive activity” [12].
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by the presence of continuous or intermittent epileptiform discharges
or rhythmic slow-wave patterns with evolution in the EEG. Lowenstein
and Aminoff evaluated clinical and EEG features of status epilepticus
(SE) in 47 comatose patients retrospectively [58]. In all of them,
SE was suspected clinically or because the EEG revealed ictal activity
or continuous spike-and-wave activity. In 33 patients, both clinical
SE and ictal EEG were concordant, and in 9 patients, subtle motor
phenomena were associated with irregular diffuse slowing with or with-
out frequent spikes and sharpwaves, an irregularmixed-frequency back-
ground with episodic accentuation, or intermittent burst suppression.Fp2 – F4 
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Fig. 9. (a) Man, 88 years of age, postictal coma after acute symptomatic generalized tonic–clo
discharges over left frontocentral with ﬂuctuation of interburst interval; (b) the same trace w
frequencies (red arrow; old term: “periodic lateralized epileptiform discharges (PLED)-plu
also the longer periods of suppressed background over the left hemisphere. (c, d) The same traFive (11%) lacked any sign of clinical seizures, but the EEG showed repet-
itive electrographic seizures or continuous spike-and-wave activity [58].
In a prospective study in 236 comatose patients without clinical signs of
SE, 8% had continuous or nearly continuous electrographic seizure
activity lasting at least 30 min [118]. The authors used the following
EEG criteria for NCSE: discrete electrographic seizures, continuous
spike-and-wave activity, or rhythmic recurrent epileptiform activity
with marked improvement after the injection of an IV benzodiazepine
[118].
In a retrospective study of 517 consecutive patients who underwent
cEEG monitoring over a 6.5-year period for the detection of seizures ornic seizure with left medial cerebral artery occlusion; TC 1.0, HF 70; lateralized periodic
ith increase in interburst frequency, decrease in amplitude, and superposition of faster
s”) merging into an ictal activity (=begin of electrographic seizure; blue arrow). Note
ce as before with polyspikes over left temporoparietal (=electrographic seizure).
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Fig. 9 (continued).
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seizures and 92% (n = 101) had nonconvulsive seizures [119]. Among
the patients with seizures, 89% (n = 98) were in ICUs, and 49% (n =
54) were in coma at the time of the cEEG. Thus, overall, 10% of patients
with cEEG had ictal patterns. The authors deﬁned electrographic ictal
activity as rhythmic discharge or spike-and-wave pattern with deﬁnite
evolution in frequency, location, or morphology lasting at least 10 s;
evolution in amplitude alone did not qualify. The number of comatose
patientswhodid not undergo cEEG in the same periodwas not reported
[119].
In 19 comatose children who underwent cEEG, electrographic
seizures occurred in 47% (9/19) and 32% (6/19) developed status epi-
lepticus. Seizures were nonconvulsive in 67% (6/9) and electro-
graphically generalized in 78% (7/9). In this study, electrographicseizures were deﬁned as “abnormal, ictal EEG events lasting longer
than 10 s with evolution of morphology, frequency, and amplitude,
and a plausible electrographic ﬁeld” and NCSE as state of impaired
consciousness with a single 30-minute electrographic seizure, or
independent ictal electrographic seizures adding up to 30 min within
1 h [95].
Overall, cEEG in patients with critical illness revealed ictal activity
and/or seizures in 5% to 48% found in various etiologies [12,120–126].
It has been shown that cEEG monitoring improves the detection rate
of subclinical epileptiform activity in patients with critical illness sig-
niﬁcantly [127]. Of note, not all of the patients who undergo cEEG are
comatose; hence, the “true” incidence of ictal EEG patterns without
other clinical manifestations is unknown. In addition, there is always a
clinical indication as to why cEEG is applied to the patient. To date,
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Fig. 10.Woman, 54 years of age; TC 1.0, HF 70; spindle coma due to intoxication with tricyclic antidepressants. Spindle activity in the alpha range over the frontal regions. Full recovery
within a few days.
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spective of the cause of coma.
7. Ictal semiology in coma
Clinical and “electrographic” seizures are robust predictors of poor
outcome in patients with critical illness [10,29,39,46,128–133]. The semi-
ology of seizures in comatose patients is rarely generalized tonic–clonic;
rather, it is more often focal clonic, or myoclonic, inconspicuous, and lim-
ited to only someparts of the body, face, or eyes [134].Myoclonic jerks are
most often encountered in deep coma, speciﬁcally after hypoxic/anoxic
brain injury [135–140]. The EEG sometimes does not reveal accompany-
ing ictal activity; hence, the question whether these clinical activities
were epileptic phenomena or not remains unresolved. According to
Bauer et al. [4], myoclonus can be classiﬁed as follows: (1)myoclonic sta-
tus, (2) myoclonia-like diffuse shivering, (3) myoclonus with or without
an EEG correlate, and (4) focal myoclonus [37,141]. Other involuntary
motor phenomena in coma are decorticate and decerebrate posturing
and abnormal tonic eyelid movements and eye-opening [86,105]. They
can easily be distinguished from epileptic nystagmus [142–146].
8. EEG criteria for NCSE in the comatose
Various EEG criteria have been used in previous studies to identify
patients in comatose-NCSE, yielding a prevalence between 8% and
32%, but the true incidence of NCSE in coma is still not known. Based
on previous criteria [147–149], an expert panel at the 4th London
Innsbruck Colloquium on acute Seizures in Salzburg, Austria proposed
the working criteria for NCSE listed in Table 2 (Salzburg Consensus
Criteria for NCSE; SCNC) (for the purpose of a validation study, the
following modiﬁcations have been made in concordance with the
standardized critical care terminology of the American Clinical
Neurophysiology Society [2].
Rhythmic delta activity: “rhythmic = repetition of a waveform with
relatively uniformmorphology and duration andwithout an interval
between consecutive waveforms. RDA = rhythmic activity b 4 Hz.
The duration of one cycle (i.e., the period) of the rhythmic pattern
should vary by b50% from the duration of the subsequent cycle for
the majority (N50%) of cycle pairs to qualify as rhythmic.”Fluctuation: “ﬂuctuating is deﬁned as follows: N3 changes, not more
than 1 min apart, in frequency (by at least 0.5/s), N3 changes in
morphology, or N3 changes in location (by at least 1 standard
interelectrode distance) but not qualifying as evolving. This includes
patterns ﬂuctuating from 1 to 1.5 to 1 to 1.5/s; spreading in and out
of a single electrode repeatedly; or alternating between 2 morphol-
ogies repeatedly.”
Evolution: “evolving is deﬁned as follows: at least 2 unequivocal,
sequential changes in frequency, morphology, or location deﬁned
as follows: evolution in frequency is deﬁned as at least 2 consecutive
changes in the same direction by at least 0.5/s, e.g., from 2 to 2.5
to 3/s or from 3 to 2 to 1.5/s; evolution in morphology is deﬁned as
at least 2 consecutive changes to a novel morphology; evolution in
location is deﬁned as sequentially spreading into or sequentially
out of at least two different standard 10–20 electrode locations.”
Response to IV AEDs: reactivity to IV AEDs within 10 min after AED
was fully applied and tested clinically; improvement is deﬁned as
better performance in one of the following three domains: (i) “say
your surname”, (ii) “repeat 1, 2, 3”, and (iii) “raise your arms”
(document the response which can be no response, patient opens
eyes to i–iii, and patient looks at the examiner in response to i–iii.
If no response repeat procedure after strong tactile stimuli on both
sides of the body. Electroencephalographic response: improvement
is deﬁned as reduction to “occasional occurrence”, i.e., 1–9% of epoch).
These criteria have been applied to 50 consecutive patients with
NCSE and to 50 controls with abnormal EEG but without clinical
suspicion of NCSE in a single center study at Paracelsus Medical
University Salzburg, Austria. Different interpretations of rhythmic
delta activity (RDA) were tested to optimize test performance. The
false positive rate dropped signiﬁcantly from 28% (rhythmic delta
activity as “continuous, as opposed to periodic activity” without any
further denominator) to 2% (ASCN criterion of RDA) and ﬁnally to
0% (SCNC: ASCN criteria of RDA and ﬂuctuation). Various EEG pat-
terns supporting the diagnosis of “NCSE” according to SCNC were
found: frequency of epileptiform discharges (ED) N 2.5 Hz: in 8.2%,
EEG and clinical response to AED in 2.0%, subtle clinical ictal phenom-
enon with ED in 12.2%, spatiotemporal evolution (STE) of epilepti-
form discharges in 18.4%, and STE of rhythmic delta activity in
another 14.3%. For diagnosis of “possible NCSE”: ﬂuctuation without
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Fig. 11. (a) Man, 77 years of age; TC 1.0, HF 70; deep coma after cardiopulmonary arrest. Burst suppression pattern with bursts of mixed frequencies and interposed spikes and sharp
waves. Despite the buildupwithin the bursts in amplitude, there is no spatiotemporal evolution suggestive of an ictal activity. Severe suppression of activity between the bursts. Outcome:
diedwithin days. (b) Boy, 2 weeks, Ohtahara syndrome due to olivary–dentate dysplasia and agenesis of mammillary bodies [151]; TC 1.0, HF 70; bursts withmixed frequencies (fast and
slow waves) with less severe suppression between the bursts than in hypoxic encephalopathy. Later, a hypsarrhythmic EEG pattern developed. Outcome: died at the age of 3 years.
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10.2%, whereas an EEG without clinical response to AED was noted
in 14.2% [152]. Based on these data and other ﬁndings, modiﬁed
SCNC were proposed (Figs. 12, 13) and applied retrospectively to
109 patients with clinical suspicion of NCSE in three independentTable 2
The Salzburg Consensus Criteria for nonconvulsive status epilepticus (SCNC) [1].
Patients without known epileptic encephalopathy
• EDs N 2.5 Hz, or
• EDs ≤ 2.5 Hz or rhythmic delta/theta activity (N0.5 Hz) AND one of the following:
○ EEG and clinical improvement after IV AEDs*, or
○ Subtle clinical ictal phenomena, or
○ Typical spatiotemporal evolution**
Patients with known epileptic encephalopathy
• Increase in prominence or frequency when compared with baseline with observable ch
• Improvement of clinical and EEG features with IV AEDs*
*If EEG improvement without clinical improvement, or if ﬂuctuation without deﬁnite evol
**Incrementing onset (increase in voltage and change in frequency), or evolution in patte
(voltage or frequency)
EDs: epileptiform discharges (spikes, polyspikes, sharp waves, and sharp-and-slow-wave
IV AEDs: intravenous antiepileptic drugsretrospective cohorts (Salzburg, Austria, and Aarhus and Dianalund,
Denmark) with two independent reviewers blinded for the diagnosis,
scoring either the Danish or the Austrian EEG. Overall, in these
preliminary data, SCNC had a sensitivity of 97.2%, a speciﬁcity of
95.9%, and an accuracy of 96.3% (Leitinger et al. in preparation).ange in clinical state
ution, this should be considered possible NCSE
rn (change in frequency N1 Hz or change in location), or decrementing termination
complexes)
clinical suspicion of NCSE (without preexisting epileptic encephalopathy)
frequency of 
epileptiform
discharges
> 2.5 Hz
“NCSE”
careful consideration of 
clinical situation
appropriate AED 
treatment
EEG – 
clin. –
document improvement*
- transition from premorbid to 
current ill state within minutes to 
hours
- patient did not improve 
significantly in last minutes to hours, 
apart from waxing and waning
- no information from brain imaging 
sufficiently explaining EEG-pattern 
(e.g. brain stem haemorrhage)
- no metabolic/ toxicologic 
derangement sufficiently explaining 
EEG-pattern (e.g. acute renal or liver 
failure)
clinical dataEEG data
typical ictal 
spatio-
temporal 
evolution
ED RA
>0.5Hz
subtle ictal 
clinical 
phenomena
4a) EDs ≤2.5Hz with fluctuation, or 
4b) RA >0.5 Hz with fluctuation, or 
4c) RA >0.5 Hz wihtout fluctuation 
ED RA
>0.5Hz
EEG + 
clin. –
EEG – 
clin. +
EEG + 
clin. +
EEG data AND clinical data
appropriate
ED...epileptiform discharge
RA...rhythmic activity
clin. ...clinical
IV AED...intravenous antiepileptic drug
NCSE...non-convulsive status epilepticus
(1) (2a) (2b) (3a) (3b)
*important note regarding improvement to IV AED:
for clinical practice: all four constellations qualify for
NCSE.
for research projects: patient qualifies for NCSE if EEG 
and/or clinical improvement
Fig. 12. Algorithm for diagnosis of nonconvulsive status epilepticus with the modiﬁed Salzburg Consensus Criteria for NCSE (mSCNC) (see text for further details) [152].
Fig. 13. Algorithm for EEG deﬁnition of typical spatiotemporal evolution (see text for further details) and deﬁnitions required for mSCNC.
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EEG patterns in coma:
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discharges
Fig. 14. The relationship of seizures/status epilepticus, ictal EEG patterns, and EEG patterns
in coma.
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Seizures and status epilepticus are clinically deﬁned events. Coma is
also a clinically deﬁned syndrome, caused by a variety of etiologies,
and many of them are causes of NCSE. In some patients, coma is caused
by the epileptic event per se, such as prolonged postictal coma, but in
these cases, coma is transient, and recovery can be expected.
Comatose-NCSE cannot be diagnosed without EEG, which reveals ictal
patterns, epileptiform discharges, or rhythmic discharges. The NCSE con-
tributes to the burden of dysfunction in addition to the cause of coma,
which can be structural, metabolic, toxic, or a combination of these
(Fig. 2). The degree to which treatment of comatose-NCSE improves
outcome is unclear, but retrospective studies recognized nonconvulsive
seizures and NCSE as robust predictors of a poorer outcome in patients
with critical illness, irrespective of the cause. Nonevolving generalized
periodic discharges and burst suppression pattern represent the border-
land of NCSE, while other EEG patterns in coma are clearly not reﬂecting
ictal activity, such as low output EEG, or alpha or theta coma (Fig. 14).
Non-voluntary movements in coma are poorly understood and may
lead to an erroneous diagnosis of NCSE. New EEG criteria for diagnosis
of NCSE have been proposed, and ﬁrst results suggest an excellent clini-
cal utility. However, several patterns remain unclear, such as periodic
pattern with triphasic morphology in metabolic coma, diffuse polymor-
phic delta activity, and alpha coma. New insights might derive from in-
tracranial recordings, which can be correlated with the traditional
patterns on surface EEG in comatose patients. Themost important ques-
tion, however, is whether treatment of NCSE in coma improves outcome
of these patients or not. A randomized controlled study of treatment of
patients with hypoxic brain injury and generalized periodic discharges
is on the way [150], and results can be expected in a few years from
now. Further validation of the proposed EEG criteria is needed to achieve
a solid basis for future studies of the treatment of comatose-NCSE.
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